A Study of the Distribution of Penicillin in Blister Fluid after Parenteral and Topical Application  by Dostrovsky, A. et al.
A STUDY OF THE DISTRIBUTION OF PENICILLIN IN 
BLISTER FLUID AFTER PARENTERAL 
AND TOPICAL APPLICATION 
A. DOSTROVSKY, M.D., J. GUREVITCH, M.D., AND R. ROJ',ANSKY, M.D. 
From the Dermatological Department (Head: Dr. A. Dostrovsky) and the Department of 
Serology and Bacteriology (Head: Dr. J. Gurevitch) of the Rothschild 
Hadassah University Hospital, Jerusalem 
No data are available on the appearance or concentration of penicillin in the 
human skin after therapeutic or experimental administration. On perusal of 
the literature, reference to the penicillin concentration in the skin was only found 
in an article by Struble and Bellows (1). These authors injected a dog with a 
single massive dose of 12,800 units of penicillin per kilogram of body weight and 
established, in the skin of the animal, the remarkable level of 6.06 units per gram 
one hour after injection. Two and three hours respectively after the injection, 
only traces of penicillin could be demonstrated. Unfortunately, no details on 
the methods used in the experiment are mentioned. 
The subject of the present paper is the study of distribution, absorption and 
retention of penicillin in blister fluid. 
Penicillin estimation in the skin by the direct punch biopsy method is difficult to carry 
out in clinical practice. Therefore, an indirect method had to be used whereby penicillin 
concentrations could be measured in the fluid of spontaneously arising (pemphigus) or 
artificially produced (cantharide) blisters. It was, however, realized that the blister fluid 
not only derived from the tissue fluids of the epidermis and cutis but also from the superficial 
network of capillaries in the cutis. Kevertheless, it seemed permissible to accept the peni-
cillin values established in the blisters as a measure of the penicillin concentration 
in the skin. 
In the course of these studies the following problems presented themselves: 
(1) How does the penicillin level in the blood react to the various methods 
of application and varying dosage; 
(2) What is the penicillin content of the serum of artificial cantharide blisters 
in connection with the different modes of application and varying dosage; 
(3) What is the penicillin content of spontaneous (pemphigus) blisters in con-
nection with the different modes of application and varying dosage; 
(4) Does penicillin penetrate the skin and the vesicular roof; 
(5) What is the time of appearance, period of presence and time of disap-
pearance of penicillin in the skin; 
(6) How is the penicillin absorption of normal and pathological skin? 
MATERIAL AND METHODS 
Artificial skin blisters were produced by the following technique: Four can-
tharide plasters of 2 x 2 em. were applied on the skin of the extremities for 24 
hours. By this time, blisters of approximately! em. diameter had formed, each 
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TABLE I 
Penicillin levels (Ujcc.) in the blood serum and in artificial cantharide-blister fluid 
after intravenous inJection of 50,000 1tnits 
1 HR. 
NAilE DIAGNOSIS 
Blood Blister 
serum fluid 
--
V. B. Secondary 0.04 <0.04 
syphilis 
S.M. Secondary 0.02 0.02 
syphilis 
B. V. Secondary 0.08 <0.02 
syphilis 
M.K. Syphilis 0.02 ~0.02 
M.V. Secondary - ~0.04 
syphilis 
H.T. Secondary - ~0.02 
syphilis 
A.T. Varicose 0.24 0.04 
ulcer 
E. V. Perivascu- 0.08 0.04 
litis 
T. K. Erysipelas - ~0.02 
M.S. Erysipeals 0.12 0.08 
S. V. Rec. ery- 0.02* 
sipelas 0.02 <0.02t 
s. s. Erysipelas 0.08 0.04 
* Penicillin content of inflamed skin. 
t Penicillin content of normal skin. 
2 HRS. 3 HRS. 
Blood Blister Blood Blister 
serum fluid serum fluid 
--- --- ---
---
<0'.04 <0.04 <0.04 <0.04 
<0.02 <0.02 <0.02 <0.02 
0.02 <0.02 0.02 <0.02 
<0.02 <0.02 - -
- ~0.02 - -
- ~0.02 - ~0.02 
0.02 - <0.02 <0.02 
<0.02 0.04 <0.02 <0.02 
- ~0.02 - -
<0.04 <0.04 - -
<0.02 <0.02 - -
<0.04 0.04 - -
~ = more or equal. < = less than. - = not examined. 
TABLE II 
4 HRS. 
Blood Blister 
serum fluid 
--- ---
-
-
- -
- -
- -
- -
:::;0.02 ~0.02 
-
-
- -
- -
- -
- -
-
-
Penicillin levels in the blood serum and in artificial cantharide-blister fluid 
after intramuscular inJection of 25,000 units 
1 HR. 2 HRS. 3 HRS. 
NAME DIAGNOSIS 
Blood Blister Blood Blister Blood Blister 
serum fluid serum fluid serum fluid 
-
-- ---
---
--- --- ---
1 V. B. 
2 S.M. 
3 B.S. 
4 H.T. 
5 A.T. 
6 E. V. 
7 v. s. 
8 E.M. 
9 K. G. 
10 I B. v. I 
11 K. R. 
Secondary syphilis 0.02 
Secondary syphilis -
Sycosis -
Secondary syphilis 0.04 
Varicose ulcer 0.04 
Perivasculitis 0.04 
Erysipelas 0.04 
Erysipelas 0.04 
Erysipelas 0.02 
50,000 Units 
Secondary syphilis 
Rhinoscleroma I 
0.081 
0.02 
~0.02 0.02 ~0.02 
<0.02 - <0.02 
- 0.02 ~0.02 
~0.02 0.02 ~0.02 
- <0".04 -
<0.02 <0.02 <0.02 
<0.02 - -
0.04 0.02 0.02 
<0.02 <0.021 <0.02 
<0.041 <0.041 <0.041 
~0.02 0.04 ~0.02 
~ =more or equal. < = less than. - = not examined. 
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<0.02 ~0.02 
<0.02 <0.02 
- -
0.02 ~0.02 
<0.04 <0.02 
<0.02 <0.02 
<0.02 <0.02 
<0.02 <0.02 
-
-
0.081 <0.04 
0.04 ~0.02 
DISTRIBUTION OF PENICILLIN IN BLISTER FLUID 71 
containing 0.3-1 cc. of a slightly opalescent fluid. Twenty-three hours after 
the blisters had begun to form, penicillin was injected by one of the three routes-
intravenously, intramuscularly or subcutaneously. Blood and blister fluid for 
the determination of the penicillin content were taken one, two and three hours 
respectively after the injection. In a few instances, determinations were also 
made at other time intervals. Blood was taken by venepuncture of the mediana 
cubiti vein and the penicillin level of the serum examined. The vesicular fluid 
was aspirated with a 1 cc. syringe equipped with a fine needle and was imme-
diately transferred to a sterile test tube. Bacteriological examination of the 
vesicular fluid for sterility was made in every case and in the few instances where 
contamination was found the material was discarded. The penicillin levels 
TABLE III 
Penicillin levels (U jcc.) in the blood serum and in artificial cantharide-blister serum 
after subcutaneous injection (25 ,000 units) 
1 HR. 2 HRS. 3 HRS. 
NO. NAME 
-
1 V.B. 
2 B. V. 
3 M. V. 
4 A.T. 
5 E. V. 
6 K. R. 
7 B. G. 
8 K.G. 
9 E.M. 
10 I s. T. I 
11 M.S. 
DIAGNOSIS 
Secondary syphilis 
Secondary syphilis 
Secondary syphilis 
Varicose ulcer 
Perivasculitis 
Rhinoscleroma 
Sycosis 
Erysipelas 
Erysipelas 
Furunculosis 
Secondary syphilis 
Blood 
serum 
--
0.02 
0.04 
-
0.08 
0.02 
0.04 
-
0.02 
-
50 ,000 Units 
I 
0.081 
0.08 
Blister Blood 
fluid serum 
--- ---
;;:::0.02 0.02 
;;:::0.02 0.02 
0.04 -
<0.02 <0.02 
<0.02 <0.02 
2::0.02 0.02 
2::0.02 -
<0.02 <0.02 
0.04 0.02 
0.021 <0.021 
0.02 0.04 
;;::: = more or equal. < = less than. - = not examined. 
Blister Blood 
fluid serum 
---
---
;:;:o.o2 0.02 
<0.02 -
<0.02 -
<0.02 <0.02 
<0.02 <0.02 
0.02 0.02 
;;:::0.02 -
<0.02 <0.02 
0.04 <0.02 
0.041 <0.021 
0.04 <0.02 
Blister 
fluid 
---
;;:::0.02 
<0.02 
<0.02 
<0.02 
<0.02 
0.02 
;;:::0.02 
<0.02 
0.02 
0.02 
0.02 
of the blood serum and the vesicular fluid were determined by the serial dilution 
method of Kolmer (2). Staphylococcus aureus Heatly strain sensitive to 0.02 
U/cc. penicillin was used as a control. If less than 0.5 cc. of fluid was available, 
no dilution could be made and the penicillin level \vas, therefore, determined 
in the undiluted fluid only. 
Brain heart infusion broth Difco was used in all the experiments and dilutions 
of the vesicular fluid were made in this medium. The doses of penicillin used 
per injection were 50,000 and 25,000 units. The results of the experiments 
conducted to determine the penicillin content in artificially produced vesicles 
are summarized in Tables I, II and III. By the same method, the fluid of 
spontaneously developing blisters and blood serum of a case of pemphigus vul-
garis as well as two specimens of blister fluid of a case of dermatitis herpetiformis 
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(morbus Duhring) were examined for their penicillin content. The results are 
summarized in Table IV. 
Mention should be made of the fact that the blisters produced by 24 hours' 
application of cantharides form subepithelially and resemble those of pemphigus 
in their histological structure. 
In order to ascertain if the blister fluid-whether spontaneous or artificially 
produced-in itself would not check the growth of control staphylococci, in the 
majority of the cases, this staphylococcus was inoculated into vesicular fluid 
withdrawn before penicillin injection. These controls were positive throughout, 
and the cultures grew normally . 
NO. 
1 
2 
3 
4 
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6 
7 
-
1 
2 
3 
4 
5 
6 
7 
TABLE IV 
Penicillin concentration (U/cc.) in spontaneous blisters anrl in the blood serum 
after injection of 50,000 units 
5' 10' 15' I 30' I 
DIAGNOSIS 
Blood Blister Blood BHster Blood Blister Blood Blister 
serum fluid serum fluid serum fluid serum fluid 
---
-- - --
-- --- ---
- - -
- -- ---
P emph. vulg. - - - - 0.32 0 .08 - - i.v. 
P emph . vulg. - - - - - - - - S.C . 
Pemph. vulg. - - - - - - - - i .m. 
P emph. vulg . - 0.02 - 0.02 - 0.04 - - i.m. 
Pemph. vulg. - - - >0.04 - - 0.32 >0.04 I.V . 
Pemph. vulg. 
I 
- - -
- -
- -
- i.v. 
Duhring Dis. - - I - - - - - I - i.v. 
I HR. 2 HRS. 3 HRS. 6 HRS, 
---
Pemph. vulg. 0.16 0 .08 <0.02 0.04 <0.02 0 .02 <0~21 - i.v. P emph. vulg. 0.16 0.02 0.02 0.04 0.02 0.16 0.02 S.C. 
P emph. vulg. 0.16 0 .02 0.04 0.02 0.02 C.02 - - i.m. 
P emph . vulg. - 0.04 - 0.08 - 0 .5 - - i.m. 
P emph . vulg. - - < 0.04 - - - - - I.V. 
Pemph . vulg. 0.04 <0 .04 <0.02 0 . 16 - - -
I 
- I. v. 
Duhring Dis . 0.04 <0.04 <0 .02 0 .16 - - - - l.V. 
> =More than. < = Less than . - = Not examined. 
RESULTS AND DISCUSSION 
Table I contains a summary of the data on the penicillin content as ascer-
tained in the blood serum and vesicular fluid of twelve patients, which was ex-
amined after one single intravenous injection of 50,000 units. Six of these cases 
were of secondary syphilis, four of erysipelas, one of perivasculitis and one of 
varicose ulcer of the leg. One hour after injection, the level of penicillin in the 
blood serum was between 0.04 unitsj cc. and 0.24 U/ cc. The corresponding 
values for the blisters were 0.02-0.08 U / cc. These figures may be too low since 
in some of the cases the quantity of fluid available was insufficient for titration, 
the penicillin concentration, therefore, being determined in the undiluted fluid 
only. It appears that the penicillin content of the vesicular fluid was either the 
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same or approximately half to one-third of that ascertained in the blood serum. 
Two hours after injection, the values determined were much lower for the blood 
serum, but had remained quite unchanged for the vesicular fluid as compared 
with the titres established after one hour. In the five cases examined after 
three hours, the penicillin levels were lower both in the serum and vesicular 
fluid. In one of the cases it was possible to demonstrate penicillin in the vesicular 
fluid even as late as after four hours while at that time no trace of penicillin was 
any longer present in the blood serum. 
Table II summarizes the findings regarding the penicillin levels in the blood 
serum and blisters of nine patients who had received doses of 25,000 units by 
intramuscular injection and two patients who had been given 50,000 units each. 
Values in the blood serum, one hour after injection, were lower than those given 
in Table I, reaching 0.02-0.08 U/ cc., the respective figures for the vesicular fluid 
being 0.02-0.04. Two hours after injection, the penicillin levels in the blood 
serum were lower than those ascertained after one hour, while in the vesicular 
fluid they had remained unchanged and were similar to that of the blood serum. 
Three hours after injection, the penicillin levels in the blisters 'vere similar, in 
one case less and in another even higher than in the blood serum. The cases 
examined were: secondary syphilis: four patients; sycosis: one; varicose ulcer: 
one; perivasculitis: one; erysipelas: one; rhinoscleroma: one patient. 
Table III summarizes the penicillin levels as ascertained in the serum and 
vesicular fluid after one single subcutaneous injection of 25,000 U. of penicillin in 
each of nine cases and of 50,000 U. in each of two cases. The cases were of 
secondary syphilis (four patients), erysipelas (two); rhinoscleroma (one); sycosis 
(one); furunculosis (one); perivasculitis (one); varicose ulcer (one patient). 
The results recorded after subcutaneous injection in the blood serum are quite 
similar to those obtained by the intramuscular route, while for the blister fluid, 
levels were higher after subcutaneous than after intramuscular injection. 
One hour after injection, the penicillin content of the blister fluid was the same 
as in the blood serum in three cases, while in three others it was less. Two and 
three hours respectively after injection equal levels were found in the blister 
fluid and in the blood serum in four cases while in one the level of the blister 
fluid was lower and in two, it was higher than in the blood. In the two cases 
in which doses of 50,000 had been used the penicillin level ascertained in the 
blister fluid was lower after one hour but after two and three hours either equal 
to or higher than that of the blood. 
From Tables II and III it appears, therefore, that a doubling of the dose ap-
plied is not accompanied by a parallel increase of the penicillin level either in the 
blood or in the vesicular fluid. 
Table IV gives a summary of findings obtained in the spontaneous blisters 
of one case of pemphigus vulgaris and one of dermatitis herpetiformis (Duhring). 
In the case of pemphigus, the penicillin level in the blood serum and blister 
fluid was examined at different time intenrals after one single injection of 50,000 
units of penicillin either intravenously, intramuscularly or subcutaneously 
at two-days' intervals. One hour after injection, equal blood values were estab-
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lished for all three routes, whereas in the blister fluid the penicillin content 
varied between 50 and 15 per cent of that of the blood. Two and three hours 
after injection, the blood penicillin level had become lower while the blister 
penicillin levels were higher than the corresponding levels of the blood. 
EARLIEST AND LATEST APPEARANCE OF PENICILLIN IN BLIS'rER FLUID 
Convincing evidence of the constant rising and maintenance of the penicillin 
concentration in the vesicular fluid is given by case No. 4 (Table IV). The 
patient had been given 50,000 U. intramuscularly. Prior to the injection, the 
vesicular fluid had shown no traces of penicillin. As soon as five minutes after 
the injection, the level was 0.02 U/cc., while after 15 minutes it had increased 
TABLE V 
The penicillin level in the blood sernm and in artificial cantharide-blister fluid during 
the first hour after one single injection of 50,000 units intramuscularly 
Blood serum .... . ...... . .... .. . . 
Blister fluid ...................... . 
TABLE VI 
20 liiNUTES 
0.3 
0.04 
40 YINUTES 
0.2 
0.12 
60 MINUTES 
0.1 
0.12 
The penicillin level (U /cc.) in the blood serum and in artificial cantharide-blister 
fluid after a depot injection of 300,000 units (sesame oil) intramuscularly 
1 HR. 2 HRS. I 3 HitS. 
I 
4 HRS. 23 HltS. 
Blood Blood Blood Blood Blister 
serum 
Blister fluid 
serum 
Blister fluid 
serum 
Blister fluid 
serum 
Blister fluid Blood serum fluid 
--- ---
---- ---· --- --
0.32 <0'.02 0.16 0.02 0.32 <0.02 0.16 <0.02 <0.02 0.32 
0.5 <0.02 0.32 <0.02 0.32 <0.02 - - - -
< =Less than. -=Not examined. 
to double that amount (0.04 U /cc.), after two hours to 0.08 U fcc., after three 
hours to 0.50 U /cc.! Demonstration of penicillin in spontaneous blisters was 
even possible after 4 and 6 hours while at that time no traces were any longer 
detectable in the blood. 
An attempt was made to determine whether any difference could be estab-
lished between the penicillin levels of the fluids of fresh blisters and those of long 
standing. To this end, two-day and one-day old and fresh blisters were examined 
two and four hours respectively after injection. Two hours after injection, the 
level was twice as high in two-day old blisters as in freshly formed ones. No 
difference could be established four hours after injection. 
In cantharide blisters, the appearance of penicillin after intramuscular injec-
tion of 50,000 units was noted as early as after 20 minutes. The penicillin level 
in the blisters then constantly increased during the course of the first hour in 
contrast to that of the blood where it dropped rapidly (Table V). 
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The tendency of penicillin to appear later and to remain longer in the skin 
than in the blood serum became apparent after a single injection of 300,000 U. 
(sesame-oil depot; cf. Table VI). 
THE PENICILLIN LEVEL IN SKIN DISEASES 
From the tables it appears that the concentration of penicillin in the skin is 
independent of the disease present in the particular case; it is, however, worth 
mentioning that high levels were noted in several cases of erysipelas. 
THE PENICILLIN LEVEL IN HEALTHY AND DISEASED SKIN 
We further attempted to establish a possible difference in the rates of absorp-
tion of penicillin in healthy and inflamed skin. Artificial blisters were, there-
fore, set up on healthy and affected skin areas of a single patient (10 blisters in 
all: three cases of erysipelas, marked in the table by an asterisk). No difference 
was apparent except for one case of erysipelas in which a higher level was de-
termined in the inflamed area (cf. Table 'I, case No. 11). 
PERCUTANEOUS APPLICATION 
With the aim in view of ascertain whether penicillin is capable of penetrating 
the skin after percutaneous application, the following five experiments were set 
up: 
1 and 2-200,000 U. (in 20 cc. saline) were applied on an area of 400 cm.2 of the 
abdominal and lumbar region and rubbed into the skin by a glass rod. 
3-100,000 U. (in 5 cc. saline) were rubbed into a large furuncle of the abdomen. 
4-30,000 U. of penicillin were rubbed into a large ulcerated area. 
5-200,000 U. were rubbed into the skin of the lateral aspect of a leg with recur-
rent erysipelas. 
In all these cases blood samples were taken one-half, one and two hours respec-
tively after application. In the last-mentioned case, the contents of two can-
tharide blisters was aspirated one hour after treatment. No penicillin could be 
demonstrated in any of these specimens. 
In attempting to find out whether penicillin is capable of penetrating the roof 
of blisters, we had to confine ourselves to the examination of spontaneous blisters 
because of the fragility of artificial blisters. Penicillin solutions of varying 
concentration were applied to the surface of whole and firm blisters (pemphigus) 
and the area then covered with sterile gauze. After one and two hours respec-
tively, the blisters and the surrounding skin areas were thoroughly cleansed with 
ether and the blister fluid then aspirated and examined. After application of 
5 and of 50 U., no penicillin was detected in the fluid. After application of 500 
units, however, 0.12 units of penicillin were determined in one case while in 
another there was no penicillin at all. After 1,000 units, 0.12 units were found, 
after 5,000 U., 0.2 units and after 20,000 U., 0.25 units in one instance and 0.6 
units in another. 
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SUMMARY 
1. The presence of penicillin could be established in the contents of spon-
taneous and artificial blisters of the skin in twenty patients, one, two and three 
hours respectively after administration of varying doses by intravenous, intra-
muscular and subcutaneous injection. 
2. Different penicillin values were established in the blood serum and in the 
blister fluid, those of the latter, as a general rule, being lower. On the other 
hand, a tendency of the blister fluid was noted to maintain its penicillin level 
for longer periods of time than the blood, and after two, especially after three 
hours, the levels determined there were even higher than those of the blood serum. 
This became particularly apparent after subcutaneous administration. 
3. A doubling of the penicillin dose administered was not accompanied by a 
proportionate increase of the penicillin concentration of the b lood or blister 
fluid. 
4. Twenty minutes after administration, penicillin could be detected in the 
contents of artificially produced skin blisters where it could moreover, be demon-
strated for up to four hours. In the contents of spontaneous blisters (pem-
phigus), however, penicillin appeared as soon as 5 minutes after injection and 
remained there for up to six hours. 
5. Percutaneous penicillin application on the skin was not followed by ap-
pearance of the substance in the blood serum or skin blisters. However, after 
direct application on the blisters themselves (pemphigus, Duhring's disease) 
remarkable penicillin values could be established in the contents of these blisters. 
6. The presence of increased amounts of penicillin in affected skin areas (ery-
sipelas) would make it desirable to devote further attention to this aspect of the 
problem. 
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